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(54) Display device with a reference potential wiring 



(57) A display device is provided with a display ele- 
ment having first electrodes and second electrodes, first 
drive unit connected to the first electrodes and adapted 
to provide the first electrodes with a voltage, second drive 
unit connected to the second electrodes and adapted to 
provide the second electrodes with a voltage, and drive 
control unit adapted to control the first and second drive 
unit and to supply a first reference voltage. 



A reference potential wiring for providing the refer- 
ence potential of the first drive unit and a reference 
potential wiring for providing the reference potential of 
the second drive unit are shortcircuited in the vicinity of 
the first and second drive unit. 



FIG. 2 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a display device 
such as a liquid crystal display, a plasma display, a DMD 
display, an electrochromic display or an electron emis- 
sion element array, and more particularly to the connec- 
tion method for the reference potential wiring for the drive 
means for such display. 

Related Background Art 

For facilitating the understanding of the difference 
between the present invention and the conventional con- 
figuration, there will at first be explained, as an example, 
a liquid crystal display device. 

There have conventionally been proposed various 
apparatus equipped with the liquid crystal display device, 
of which an example is illustrated in Fig. 1 . 

As already known, a liquid crystal display P is pro- 
vided with a pair of substrates arranged in mutually 
opposed manner, between which ferroelectric liquid 
crystal is injected. On the substrates there are respec- 
tively formed a plurality of stripe-shaped common elec- 
trodes 1 (first electrode group) and a plurality of stripe- 
shaped segment electrodes 2 (second electrode group), 
the electrodes constituting a matrix electrode array. 

These common electrodes 1 are connected to com- 
mon drive circuits (first drive means or first drive circuits) 
3, which are in turn connected to a bus board (first drive 
means or first bus board) 7. The bus board 7 is con- 
nected to a control board (control means) 9 through two 
cables 7A, 7B of which the cable 7A serves to provide 
the common drive circuits 3 with power supply voltages 
V1 , VC, V2 as reference voltages. In response to the sup- 
ply of the power supply voltage V1, the common drive 
circuits 3 suitably apply a common signal of a predeter- 
mined wave form to the common electrodes 1. A power 
supply voltage and control signals for driving the com- 
mon drive circuits 3 are supplied through the other cable 
7B. 

On both sides of the liquid crystal display device P 
there are respectively provided segment drive circuits 
(second drive means or second drive circuits) 5. 6 to 
which the segment electrodes 2 are alternately con- 
nected, as partly illustrated in Fig. 1. These segment 
drive circuits 5, 6 are respectively connected to bus 
boards (second drive means or second bus boards) 10, 
1 1 , which are in turn connected to the control board 9 
respectively through two cables 10A, 10Band 11A, 11B. 
The cables 10A, 1 1 A serve to provide the segment drive 
circuits 5, 6 with power supply voltages V3, VC, V4. In 
response to the supply of the power supply voltage V3, 
the drive circuits 5, 6 apply a segment signal of a prede- 
termined wave form to the segment electrodes 2. A 
power supply voltage and drive signals for driving the 
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segment drive circuits 5, 6 are supplied the other cables 
1 0B, 1 1 B. The liquid crystal display device P is driven by 
the signal application by these electrodes 1, 2. 

The conventional device has been associated with 

5 a drawback that a steeply varying current generated at 
the switching of liquid crystal flows into the power supply 
lines for the liquid crystal, thereby causing, by electro- 
magnetic induction, a variation for example in the refer- 
ence ground potential. Such variation becomes 

10 particularly large in the display of certain specified pat- 
terns, thus eventually inducing an erroneous function of 
the drive circuits. For resolving such variation in the 
ground potential, the present inventors have investigated 
a method of connecting the ground of the bus boards 

is with a metal casing, but such method has been identified 
difficult to adopt because of the structure of the device. 

SUMMARY OF THE INVENTION 

20 In consideration of the foregoing, an object of the 
present invention is to provide a display device with sta- 
ble display performance, by electrically connecting the 
reference potentials of the first and second drive means 
in a method to be explained later, thereby preventing the 
25 variation of the reference potential 

Another object of the present invention is to provide 
a display device capable of preventing the variation of 
the reference potential in inexpensive manner, by con- 
necting the first and second drive means through elec- 
ts trodes inside the liquid crystal display device. 

The foregoing objects can be attained, according to 
the present invention, by a display device provided with 
a display element having first electrodes and second 
electrodes, first drive means connected to the first elec- 
ts trodes and adapted to supply the first electrodes with a 
voltage, second drive means connected to the second 
electrodes and adapted to supply the second electrodes 
with a voltage, and drive control means adapted to con- 
trol the first and second drive means and to supply a ref- 
40 erence voltage, wherein a reference potential wiring for 
giving a reference potential to the first drive means and 
a reference potential wiring for giving a reference poten- 
tial to the second drive means are shortcircuited either 
in the vicinity of the first and second drive means or 
45 through a flexible cable. 

In the above-explained configuration, the drive con- 
trol means sends a reference voltage to the first and sec- 
ond drive means, which in response apply signals of 
predetermined wave forms respectively to the first and 
so second electrodes, whereby the liquid crystal is suitably 
switched to display arbitrary information. On the other 
hand, the variation of the reference potential at the 
switching of the liquid crystal can be prevented, as the 
reference potentials of the first and second drive means 
55 are electrically connected mutually, in the vicinity of the 
display element. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view of an example of the con- 
ventional display device; 

Fig. 2 is a schematic perspective view of an example s 
of the display device constituting a preferred embod- 
iment of the present invention; 
Fig. 3 is a schematic perspective view of another 
example of the display device constituting a pre- 
ferred embodiment of the present invention; w 
Fig. 4 is a circuit diagram of an example of the drive 
circuit adapted for use in the present invention; 
Fig. 5 is a block diagram of a device constituting a 
first embodiment of the present invention; 
Figs. 6A to 6E are charts showing forms of various is 
signals applied to the liquid crystal display device; 
Figs. 7A to 7E are charts showing another example 
of wave forms of various signals applied to the liquid 
crystal display device; 

Fig. 8 is an equivalent circuit diagram for explaining 20 
the configuration of the display device of the first 
embodiment; 

Fig. 9 is a block diagram of a device constituting a 

second embodiment of the present invention; 

Fig. 1 0 is a block diagram of a device constituting a 25 

third embodiment of the present invention; 

Fig. 11 is a block diagram of a device constituting a 

fourth embodiment of the present invention; and 

Fig. 1 2 is a block diagram of a device constituting a 

fifth embodiment of the present invention. 30 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Fig. 2 is a schematic view showing an example of 35 
the display device, constituting a preferred embodiment 
of the present invention. 

A display element P, illustrated as a rectangular dis- 
play panel, is provided with first and second electrodes 
(not shown). 40 

First drive means 207 is connected to the first elec- 
trodes of the display element P and provides the elec- 
trodes with driving voltage signals. It is illustrated, in Fig. 
2, as a TAB film board on which a driving IC chip is 
mounted. 45 

Similarly second drive means 210 is connected to 
the second electrodes of the display element P and pro- 
vides the electrodes with driving voltage signals. It is 
illustrated, in Fig. 2, as a TAB film board on which a driv- 
ing IC chip is mounted. so 

Drive control means 9 for controlling the first and 
second drive means 207, 210 provides the first drive 
means with a reference voltage for generating drive sig- 
nals, an IC chip controlling signal and a reference poten- 
tial, through a signal line 107. 55 

Similarly a signal line 110 provides a reference volt- 
age, a control signal and a reference potential. 

The reference potential mentioned in the present 
invention is a potential level, which is generally called a 



ground potential and which is the lowest or highest 
potential respectively if a positive or negative power sup- 
ply voltage is required for driving the IC's and display ele- 
ment. It also becomes an intermediate potential in case 
there are used both positive and negative power supply 
voltages. The reference potential is usually the reference 
potential level common to the various circuits of driving 
IC, power IC, analog IC, logic IC etc. employed in the 
display device. 

On the other hand, the reference voltage means a 
voltage taken as reference only in a specified IC, such 
as V1. VC and V2. or V3, VC and V4 to be explained 
later. Some of these reference voltages are not used for 
example in the logic IC in the control means 9. 

In the present invention, a wiring 12 is provided in 
the vicinity of the display element to mutually shortcircuit 
ground wirings (not shown), which are the reference 
potential wirings of the drive means 207, 210. Thus the 
potential of the ground wirings varies less even when a 
large current flow by the drive of the display element P. 

Also if the wiring 1 2 is composed of a flexible cable, 
it is made possible to reduce the failure in electrical con- 
tact even in case the drive means 207, 210 move in posi- 
tion, as the wiring 12 can deform accordingly. 

It is also possible to eliminate either of the signal 
lines 107, 110 and to provide such drive means lacking 
the signal line, with the necessary voltages and signals 
through the other signal line and the wiring 12. It is fur- 
thermore preferable to provide, if necessary, a wiring as 
indicated by a chain line 15 for shortcircuiting the refer- 
ence potential wirings. 

The liquid crystal element P to be employed in the 
present invention is preferably composed of a ferroelec- 
tric liquid crystal element or an antiferroelectric liquid 
crystal element of a simple matrix structure. However, 
other display element, such as a TN liquid crystal ele- 
ment, an STN liquid crystal element, a plasma display 
element, a plasma-addressed liquid crystal element, a 
DMD element or a light- emitting element, may also be 
employed for this purpose. 

The first electrodes are preferably composed of 
common electrodes such as the scanning electrodes or 
the counter electrodes, while the second electrodes are 
preferably composed of segment electrodes for provid- 
ing the data signals. The first and second electrodes are 
in mutual capacity coupling. 

The first drive means is preferably composed of an 
IC provided therein with a scanning circuit with a decoder 
and switches, while the second drive means is preferably 
composed of a segment drive IC provided therein with 
shift registers, latches, switches etc. Such IC can be at 
least an IC chip mounted on a flexible board or a rigid 
board. 

More preferably there is employed a structure having 
plural IC chips mounted on a TAB film and also having a 
bus board commonly connected to these chips. In such 
structure, the driving reference voltages, the control sig- 
nal and the reference potential can be given to the IC 
chips through the bus board. Consequently the bus 
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board is preferably composed of a mufti-layered printed 
circuit board. 

The wiring 12 is preferably composed of a flexible 
cable, called a flexible printed circuit board (FPC) or a 
flexible flat cable (FFC). According to the present inven- 5 
tion, since the reference potential wirings are short- 
circuited by the wiring 12. the casing for the display 
element P and the drive means 207. 210 can be con- 
structed with insulating resin of light weight, instead of a 
metal. 10 

Fig. 3 shows a display device constituting another 
preferred embodiment of the present invention, with an 
additional structure to the device shown in Fig. 2. This 
device is suitable for a large-sized display area DP with 
a diagonal size of at least 6 inches, preferably at least 1 4 is 
inches. 

The above-mentioned display device is different 
from the foregoing one in Fig. 2 in that there are provided 
common bus boards 307, 310 respectively for plural 
drive IC chips 207. 21 0 for driving the display element R 20 

The drive control means 9 is mounted on a drive con- 
trol IC board 1 09, which is connected to the common bus 
boards 307, 310 respectively through flexible cables 107, 
110. Also the power supply voltage is supplied from a 
power supply circuit PW. 25 

A support member 400, for supporting the bus 
boards 307, 310 is composed of light-weight insulating 
resin. 

Fig. 4 is a schematic diagram of the drive means 
employed in the present invention, particularly a circuit 30 
DRV for the drive IC chip, with input terminals T1 to T5 
and an output terminal T6. The terminal T1 is used for 
entering the power supply voltage Vcc and a clock signal. 
The terminal T2 is a reference potential terminal con- 
nected through the wiring 12 and a common bus board 35 
to the other bus board. The terminals T3. T4, T5 are used 
for entering the driving reference voltages V1, VC, V2 
which, supplied in parallel manner, are transmitted by a 
multiplexer MPX at suitable timings and through a tran- 
sistor Tr to the output terminal T6, thereby providing a 40 
drive signal (scanning signal) of a wave form to be 
explained later. In the actual circuit, the terminal T6 is 
provided in a number same as that of the common elec- 
trodes of the display element P. 

In the following there will be explained embodiments 45 
realizing the above-mentioned configurations, but the 
present invention is by no means limited to such embod- 
iments but the configurations in which the components 
are replaced by substitutes or equivalents within an 
extent of attaining the objects of the present invention so 
are also included in the present invention. 

Now the embodiments of the present invention will 
be explained with reference to the attached drawings, in 
which components same as those in Fig. 1 are repre- 
sented by same symbols and will not be explained fur- 55 
ther. 



[Embodiment 1] 

At first a first embodiment of the present invention 
will be explained with reference to Figs. 5 to 8. 

In a display device 20 of the present embodiment, a 
bus board (first drive means; first bus board) 7 and a bus 
board (second drive means; second bus board) 10 are 
connected by a cable 12 as shown in Fig. 5, while the 
bus board 7 and another bus board (second drive means; 
second bus board) 11 are connected by a cable 13. 
Besides the ground of the bus board 10 and that of the 
bus board 1 1 are connected by a cable 15. 

A common drive circuit (first drive means; first drive 
circuit) 3 is so constructed as to receive power supply 
voltages V1, VC and V2 and to provide common elec- 
trodes (first electrode group) 1 with common signals D 
as shown in Figs. 6A to 6C. As shown in Fig. 6A, the 
common signal D is composed of a reset pulse D1 and 
an immediately succeeding selecting pulse D2. and it is 
applied in succession to the common electrodes 1. as 
shown in Figs. 6A to 6C. thereby effecting line-sequential 
scanning. Figs. 6A to 6C show the mode of line-sequen- 
tial scanning in the n-th, (n+1)-th and (n+2)-th common 
electrodes, and the line-sequential scanning is con- 
ducted in a similar manner also for the remaining com- 
mon electrodes. Also as will be understood from Figs. 
6A to 6C, while the common signal D is applied to a com- 
mon electrode (for example n-th common electrode), a 
constant voltage VC is applied to other common elec- 
trodes. Thus, for example, in case of a duty ratio of 1/480. 
while a potential V1 or V2 is applied to any line, a poten- 
tial VC is applied to other 479 lines. 

On the other hand, segment drive circuits (second 
drive means; second drive circuits) 5. 6 are so con- 
structed as to receive power supply voltages V3. VC and 
V4 and to provide segment electrodes (second electrode 
group) 2 with signals shown in Figs. 6D and 6E. As will 
be apparent from this chart, the segment electrodes 
receive the voltage of a same wave form, which is syn- 
chronized with the common signals D. 

Also signals shown in Figs. 7D and 7E are applied 
to the segment electrodes 2. The signal applied by the 
bus board 10 through a segment drive circuit 5 (cf. Fig. 
7D) and that applied by the bus board 1 1 through a seg- 
ment drive circuit 6 (cf. Fig. 7E) are so mutually corre- 
lated that, when either of the signals is at a potential V3. 
the other is at a potential V4 and. when either is at a 
potential VC. the other is also at the potential VC. 

In the following the circuit of the display device 20 
will be explained with reference to Fig. 8. 

In Fig. 8 there are shown a pixel 30 formed by a seg- 
ment electrode 2a and a common electrode 1a. and a 
pixel 31 formed by a segment electrode 2b and a com- 
mon electrode 1a. C indicates the electrostatic capacity 
between the common and segment electrodes, and R1, 
R2 and R3 indicate the internal resistances of the elec- 
trodes 2a, 1a and 2b. In the drive circuits 5, 3, 6, there 
are respectively provided switching elements 32. 33. 35. 
R4, R5 and R6 respectively indicate the internal resist- 
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ances of the cables 1 0A. 1 1 A and 7A. The power supply 
voltages V3, VC. V4 are supplied through the cable 10A 
to the drive circuit 5. then converted by the switching ele- 
ment 32 into the signal of a predetermined form and sup- 
plied to the segment electrode 2a. Similarly the power 5 
supply voltages VI. VC. V2 are supplied through the 
cable 11a to the drive circuit 3, then converted by the 
switching element 33 into the signal of a predetermined 
form and supplied to the common electrode 1 a. 

In the following there will be explained the function w 
of the present embodiment when the signals shown in 
Figs. 6A to 6E are applied. 

When the display device 20 is put into operation, the 
power supply voltages and the control signal for driving 
the common drive circuit 3 are supplied thereto from the is 
control board (control means) 9 through the cable 7B and 
the bus board 7, and the power supply voltages and the 
control signal for driving the segment drive circuits 5, 6 
are supplied thereto from the control board 9 through the 
cables 1 0B. 11 B. 20 

On the other hand, the power supply voltages V1, 
VC, V2 are supplied from the control board 9 through the 
cable 7A and the bus board 7 to the common drive circuit 
3 and converted therein into the common signals D of 
the above-explained wave form. The common signals D 25 
are applied in succession to the common electrodes 1 , 
by the line-sequential scanning explained above. Also 
the power supply voltages V3, VC, V4 are supplied 
through the cables 10A, 1 1Ato the segment drive circuits 
5, 6, and are converted therein into the signals as shown so 
in Figs. 6D and 6E, which are supplied to the segment 
electrodes 2. Since the signal forms are same, all the 
segment electrodes 2 in the liquid crystal display element 
P are always at a same potential. 

Under such voltage application, at a time t1 of liquid 35 
crystal switching, the common electrodes 1 not receiving 
the common signal D are given the constant voltage VC 
as explained above, and all the segment electrodes 2 are 
given the same voltage V3. Consequently, over the 
almost entire area of the liquid crystal display element P P ao 
currents flow from the segment lines of the potential V3 
to the common lines of the potential VC (i.e. from the 
segment bus boards 10, 11 to the common bus board 
7). Also at a time t2 of another liquid crystal switching, 
all the segment electrodes 2 are given the voltage V4 45 
while almost all the common electrodes 1 are given the 
constant voltage VC. In this state, over the almost entire 
area of the liquid crystal display element P. currents flow 
from the common lines of the potential VC to the segment 
lines of the potential V4 (i.e. from the common bus board so 
7 to the segment bus boards 10, 1 1). 

Thus, at the times t1 and t2, there flow steeply var- 
ying currents in the power supply voltage line (for V3, VC. 
V4) on the bus board and in the power supply voltage 
lines on the cables. These lines are positioned adjacent 55 
to the ground lines constituting the reference potential 
wirings, and induced currents are generated in the 
ground lines by an electromotive force caused by elec- 
tromagnetic induction. At the times t1 and t2. the direc- 



tion of the electromotive force is inverted as the direction 
of the current is opposite. 

In the conventional display device, in which the bus 
board 7 is not connected with the bus boards 10. 1 1 , a 
current for cancelling the electromotive force flows to the 
control board 9 through one of the cables and further 
flows through the other cable. Because of the very high 
impedance of the path of the current, which is inevitably 
considerably long, there cannot be obtained a satisfac- 
tory response to such steeply varying current caused by 
the electromagnetic induction. 

In constant, in the present embodiment, where the 
bus board 7 is connected with the bus boards 10, 11 
through the cables 12, 13, the cancelling currents can 
flow through the cables 12, 13. Since these cables 12, 
13 are short, the impedances therein can be made low, 
and it is thus rendered possible to suppress the variation 
in the ground levels of the common bus board 7 and the 
segment bus boards 10, 1 1 which show variations in the 
mutually opposite manner. 

In the following there will be explained the function 
of the present embodiment in case of application of the 
signals shown in Figs. 7A to 7E. 

In this case, at a time t1, the segment electrodes 2 
connected to the drive circuit 5 receive a voltage V3 while 
those 2 connected to the drive circuit 6 receive a voltage 
V4, so that a potential difference is created between the 
mutually adjacent segment electrodes 2. As a result, a 
current f bws from the line of the potential V3 of the seg- 
ment bus board 10 to the line of the potential V4 of the 
segment bus board 1 1 . On the other hand, at a time t2, 
the applied voltages are inverted, so that the drive circuit 
5 applies the voltage V4 while the drive circuit 6 applies 
the voltage V3. As a result, a current flows from the line 
of the potential V3 of the segment bus board 11 to the 
line of the potential V4 of the segment bus board 10. 
Thus, in case of the application of the signals shown in 
Figs. 7A to 7E, there flows a current between the seg- 
ment bus boards 10 and 1 1 , though the direction of the 
current varies depending on the time, and a current by 
the electro-magnetic induction is generated in the neigh- 
boring ground line. 

In the conventional display device, in which the bus 
boards 10 and 1 1 are not mutually connected, a current 
for cancelling the electromotive force flows to the control 
board 9 through one of the cables and further flows 
through the other cable. Because of the very high imped- 
ance of the path of the current, which is inevitably con- 
siderably long, there cannot be obtained a satisfactory 
response to the steeply varying current caused by the 
electromagnetic induction. 

In contrast, in the present embodiment, where the 
bus boards 10 and 11 are mutually connected by the 
cable 15, the cancelling current can flow therethrough. 
Also in this case the impedance can be maintained low, 
and it is rendered possible to suppress the variation in 
the ground level of the segment bus boards 10 and 11 
which show variations in the mutually opposite manner. 



5 



9 



EP 0 717 390 A2 



10 



Thus the present embodiment can provide the fol- 
lowing effects. 

In the present embodiment, the variation in the 
ground potential, generated at the switching of liquid 
crystal, can be suppressed by connecting the bus boards 5 
7, 10, 11 with the cables 12, 13, 15. Such suppression 
is particularly effective for a large variation in the ground 
potential, encountered at the display of specified display 
patterns, and there can be obtained stable display per- 
formance for any display pattern. w 

[Embodiment 2] 

In the following there will be explained another 
embodiment with reference to Fig. 9. in which same com- 15 
ponents as those in Figs. 4 and 5 are represented by 
same symbols and will not be explained further. 

In a display device 50 of the present embodiment, 
the control board 9 is connected with the bus board 10 
or 1 1 , respectively with only one cable 1 0B or 1 1 B, while 20 
the bus boards 10 and 7 are connected through two 
cables 12, 51, and the bus boards 11 and 7 are con- 
nected through two cables 13, 52. The supply of the liq- 
uid crystal driving lower power to the bus boards 10, 1 1 
is conducted, not through the cables 1 0A, 1 1 A from the 25 
control board 9 as in the foregoing embodiment, but 
through the cable 7A, the bus board 7 and the cables 51 , 
52. The power supply voltages and the control signal for 
driving the segment drive circuits 5, 6 are supplied, as in 
the foregoing embodiment, through the cables 1 0B, 1 1 B. 30 

The present embodiment functions in the following 
manner. At the switching of liquid crystal, there flow 
steeply varying currents in the power supply system as 
in the foregoing embodiment, and induction currents are 
generated, as a result, in the ground lines. In the present 35 
embodiment, however, since the bus boards 10, 7, 11 
are mutually connected by the cables 51 , 52. 15, the cur- 
rent flow path becomes short, with reduced impedance, 
whereby the variation in the ground level can be sup- 
pressed. 40 

Thus the present embodiment can provide the fol- 
lowing effects. 

In the present embodiment, the variation in the 
ground potential, generated at the switching of liquid 
crystal, can be suppressed by connecting the bus boards 45 
7, 10, 11 with the cables 51, 52, 15. Such suppression 
is particularly effective for a large variation in the ground 
potential, encountered at the display of specified pat- 
terns, and there can be obtained stable display perform- 
ance for any display pattern. 50 

[Embodiment 3] 

In the following there will be explained still another 
embodiment of the present invention with reference to 55 
Fig. 10, in which components same as those in Fig. 9 
are represented by same symbols and will not be 
explained further. 



In a display device 60 of the present embodiment, 
common drive circuits 3. 61 are provided on both lateral 
ends of the liquid crystal display element P, and the com- 
mon electrodes 1 are alternately connected to the com- 
mon drive circuits 3, 61. The common drive circuit 61 at 
the right-hand side is connected to a bus board 62, which 
is in turn connected to the control board 9 by a cable 63. 
Also the bus board 62 is connected to the segment bus 
board 10 by two cables 65, 66, and is connected to the 
segment bus board 1 1 by two cables 67, 69. The supply 
of the liquid crystal driving power to the bus board 62 is 
conducted through the cable 7A, the bus board 7, the 
cables 51 , 52, the bus boards 1 0, 1 1 and the cables 66, 
69, while the power supply voltages and the control sig- 
nal for driving the common drive circuit 61 are supplied 
from the control board 9 to the bus board 62 directly 
through the cable 63. 

The present embodiment functions in the following 
manner. 

At the switching of liquid crystal, there flow steeply 
varying currents in the power supply system as in the 
foregoing embodiments, and induction currents are gen- 
erated, as a result, in the ground lines. In the present 
embodiment, however, since the bus boards 7, 10, 11, 
62 are mutually connected by the cables 15. 51 . 52, 65. 
67, the current flow path becomes short with reduced 
impedance, whereby the variation in the ground potential 
can be suppressed. 

Thus the present embodiment can provide the fol- 
lowing effects. 

In the present embodiment, the variation in the 
ground potential, generated at the switching of liquid 
crystal, can be suppressed by connecting the bus boards 
7, 10, 11, 62 with the cables 15, 51, 52, 65, 67. Such 
suppression is particularly effective for a large variation 
in the ground potential, encountered at the display of 
specified patterns, and there can provide stable display 
performance for any display pattern. Also similar effects 
can naturally be obtained even in a configuration in which 
the liquid crystal driving power is supplied respectively 
to the bus boards. 

[Embodiment 4] 

In the following there will be explained still another 
embodiment of the present invention, with reference to 
Fig. 11. 

A display device 70 of the present embodiment, the 
liquid crystal display element P is provided with a seg- 
ment bus board 1 0 and a common bus board 7. The sup- 
ply of the liquid crystal driving power to the segment bus 
board 10 is conducted through the cable 7A, the bus 
board 7 and the cable 51, while the power supply volt- 
ages and the control signal for driving the segment drive 
circuit 5 are supplied from the control board 9 directly 
through the cable 10B. Also the bus boards 7 and 10. 
are connected through the cable 12, thereby suppress- 
ing the variation in the ground potential at the switching 
of liquid crystal. 
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The present embodiment provides the following 
effects. 

In the present embodiment, since the bus boards 7 
and 10 are mutually connected through the cable 12, 
there can be prevented the variation in the ground poten- 5 
tial at the switching of liquid crystal, and there can be 
obtained stable display performance. Also similar effects 
can naturally be obtained even in a configuration in which 
the liquid crystal driving power is supplied respectively 
to the bus boards. 10 

[Embodiment 5J 

In the following there will be explained still another 
embodiment of the present invention, with reference to is 
Fig. 12. 

In a display device 90 of the present embodiment, 
the ground lines of the bus boards 7, 10, 1 1 are not con- 
nected by the cables as in the foregoing embodiments, 
but are connected inside the liquid crystal display ele- 20 
ment P. The liquid crystal display element P is provided, 
in addition to the information display electrodes, with 
electrodes 91 , which are connected to the ground lines 
of the segment bus boards 10, 1 1 through dummy elec- 
trodes positioned at both ends of flexible TCP (tape car- 25 
rier package) on which the drive circuits 5, 6 are 
mounted. Furthermore, the liquid crystal display element 
P is provided with electrodes 92, which are connected to 
the ground line of the common bus board 7. These elec- 
trodes 91 . 92 are mutually connected at the crossing por- 30 
tions thereof (hereinafter called interconnecting 
portions) 93, thereby connecting the ground lines of the 
segment bus boards 10, 1 1 and the ground line of the 
common bus board 7. 

The present embodiment provides the following 35 
effects. 

In the present embodiment, since the ground lines 
of the bus boards are mutually connected, there can be 
prevented the variation in the ground potential at the 
switching of liquid crystal, and there can be obtained sta- 40 
ble display performance. Also the present embodiment 
dispenses with the cables and connectors for connecting 
the bus boards, thereby allowing to reduce the cost. 

As explained in the foregoing, the present invention 
allows to prevent the variation in the reference potential 45 
at the switching of liquid crystal, since the reference 
potential of the first drive means and that of the second 
drive means are electrically connected. Such variation, 
which becomes particularly conspicuous in the display 
of certain specified patterns, can be securely prevented, so 
As a result, there can be attained stable display perform- 
ance. 

Also such connection of the reference potentials, if 
realized by a cable, is less expensive in comparison with 
the case where such connection is realized by a metal 55 
casing. An even less expensive configuration can be 
realized by making the connection by the electrodes 
inside the liquid crystal display element. 



Claims 

1. A display device provides with a display element 
having first electrodes and second electrodes, first 
drive means connected to said first electrodes and 
adapted to provide said first electrodes with a volt- 
age, second drive means connected to said second 
electrodes and adapted to provide said second elec- 
trodes with a voltage, and drive control means 
adapted to control said first and second drive means 
and to supply a first reference voltage, wherein; 

a reference potential wiring for providing the 
reference potential of said first drive means and a 
reference potential wiring for providing the reference 
potential of said second drive means are short- 
circuited in the vicinity of said first and second drive 
means. 

2. A display device provided with a display element 
having first electrodes and second electrodes, first 
drive means connected to said first electrodes and 
adapted to provide said first electrodes with a volt- 
age, second drive means connected to said second 
electrodes and adapted to provide said second elec- 
trodes with a voltage, and drive control means 
adapted to control said first and second drive means 
and to supply a reference voltage, wherein; 

a reference potential wiring for providing the 
reference potential of said first drive means and a 
reference potential wiring for providing the reference 
potential of said second drive means are short- 
circuited by a flexible cable. 

3. A display device according to claim 1 or 2, wherein 
each of said first and second drive means includes 
plural driving IC chips and a bus board for commonly 
connecting said plural driving IC chips. 

4. A display device according to claim 1 or 2, wherein 
each of said first and second drive means includes 
a film board mounting plural driving IC chips and a 
bus board for commonly connecting said plural film 
boards. 

5. A display device according to claim 4, wherein said . 
reference potential wirings are connected through a 
wiring of said film board and a wiring of said display 
element. 

6. A display device according to claim 1 or 2, wherein 
said display element is a non-active matrix liquid 
crystal display element. 

7. A display device according to claim 1 or 2, wherein 
said display element is an element employing chiral 
smectic liquid crystal. 

8. A display device according to claim 1 or 2, wherein 
said display element is a ferroelectric liquid crystal 
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display element or an antiferroelectric liquid crystal 
display element. 

9. A display device according to claim 1 or 2, wherein 
said reference potential for said second drive means s 
is supplied from said drive control means through 
said first drive means. 

10. A display device according to claim 1 or 2, wherein 
the shortcircuiting of said reference potential wirings 10 
is attained at the four corners of a panel constituting 
said display element. 
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1 7. A display device according to any of claims 1 4 to 1 6. 
wherein said liquid crystal is ferroelectric liquid crys- 
tal. 

18. A display device according to any preceding claim, 
wherein said wiring consists in one or more printed 
conductors, or other conductor means other than 
wire. 



1 1 . A display device according to claim 1 or 2, wherein 
the shortcircuiting of said reference potential wirings is 
is attained at least one of the corners of a panel con- 
stituting said display element. 

12. A display device according to claim 1 or 2, wherein 
said reference potential wirings are mutually con- 20 
nected so as to surround the perimeter of a panel 
constituting said display element. 

13. A display device according to claim 1 or 2, wherein 

a support member for supporting said first and sec- 25 
ond drive means is insulating. 

1 4. A display device provided with a liquid crystal display 
element including a first electrode group and a sec- 
ond electrode group arranged in mutually opposed 30 
manner so as to constitute matrix electrodes and liq- 
uid crystal provided between said electrode groups, 
first drive means connected to said first electrode 
group, second drive means connected to said sec- 
ond electrode group, and control means for provid- 35 
ing said second electrode group, and control means 

for providing said drive means with electric power 
supply, wherein said drive means, receiving the 
electric power supply from said control means, pro- 
vides said first and second electrode groups with 40 
signals of predetermined waveforms, thereby effect- 
ing information display by said liquid crystal display 
element, wherein: 

the reference potentials of said first and sec- 
ond drive means are mutually connected electrically. 45 

1 5. A display device according to claim 14, wherein said 
first drive means includes a first bus board and a first 
drive circuit while said second drive means includes 

a second bus board and a second drive circuit, and so 
the ground line of said first bus board and that of said 
second bus board are mutually connected by a 
cable. 



16. A display device according to claim 14, wherein the 55 - 
ground line of said first bus board and that of said 
second bus board are mutually connected through 
an electrode inside said liquid crystal display ele- 
ment. 
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FIG. 9 




FIG. 10 
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(54) Display device with a reference potential wiring 



(57) A display device is provided with a display ele- 
ment having first electrodes and second electrodes, first 
drive unit connected to the first electrodes and adapted 
to provide the first electrodes with a voltage, second 
drive unit connected to the second electrodes and 
adapted to provide the second electrodes with a volt- 
age, and drive control unit adapted to control the first 



and second drive unit and to supply a first reference 
voltage. 

A reference potential wiring for providing the refer- 
ence potential of the first drive unit and a reference 
potential wiring for providing the reference potential of 
the second drive unit are shortcircuited in the vicinity of 
the first and second drive unit 
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